Little Rock, Ark.) (Submitted for publication January 24, 1955; accepted March 23, 1955) In an effort to increase the accuracy of assay of thyroidal function, two earlier papers (1, 2) have given a numerical and mathematical description of the short-time behavior of radioiodine observed in the neck tissue, thyroid, plasma, and urine. It remains: a) to apply these data to the conversion of several of the diagnostic parameters currently in use in this type of investigation so as to achieve a common basis for comparison; b) to describe the authors' clinical results; and c) to provide a set of diagnostic limits for routine use based upon a maximum amount of published information.
CHOICE OF PARAMETERS
The various parameters that are commonly employed in the assay of thyroid function with radioiodine are:
(a) The thyroidal plasma clearance rate (3); (b) The thyroidal fractional rate of uptake from the iodide pool (1); (c) The 24-hour percentage accumulation in the thyroid gland; (d) The 24-hour percentage excreted in the urine; (e) Parameters based on various other bulk samples of urine (4); (f) The thyroidal rate of output of organic iodine (5) ; and (g) The "conversion ratio" (6) of plasma organic and inorganic radioiodine. Because the mathematical treatment (1) has been restricted to the early phase of iodine uptake, the resulting equations cannot be applied to the ' Assisted by grants from the National Institute of Health Division of Research Grants, and from the Arkansas Heart Association. 2 Visitng Assistant Professor, Department of Radiology, University of Arkansas, on a Fulbright Fellowship. diagnostic parameters (f) and (g) above, because these are derived from the later (hormone and organic iodine) phases.
In comparing the remaining parameters it is necessary to convert them to some common basis, which is conveniently chosen as either the pair of plasma clearance rates-thyroidal (expressed as g ml. per min.) and renal (r ml. per min.)-or the corresponding pair of rate factors-thyroidal (k, min.-') and renal (k2 min.')--as defined in an earlier paper (1) .
It may be recalled that the clearance rates are equal to the corresponding rate factors multiplied by the volume of the iodide space.
Clearance rates may have slightly more fundamental significance than the rate factors, but in practice their measurement is performed in exactly the same manner except for the additional determination of the radioiodine in a sample of blood plasma; unless the latter is done very carefully indeed, this may add further experimental error to the measured clearance rate while little is gained in diagnostic precision.
At first sight it might seem that a simpler basis of comparison would be provided by the per cent uptake (or excretion) at some selected time (usually 24 hours) after the administration of the test dose, because this is one single parameter rather than a pair. It must be remembered, however, that the per cent uptake really involves both clearance rates (or both rate factors), because a high thyroidal uptake can result either from a high thyroidal rate combined with a normal renal rate or from a moderate thyroidal rate with a low renal rate. Moreover, the possible excretion of organic radioiodine from the thyroid gland may lower the observed per cent uptake to such a value that a hyperthyroid case may appear in the normal range of values; this makes the per cent uptake a one-sided parameter. The (1) , it is seen that the clearance rates are related to the rate factors by the following: ki = g/sVo (1) k2= r/nVo (2) In this paper equations prefixed I refer to those given in the first paper (1) in this series.
Additional knowledge is needed of the mean reciprocal volume (1/V,,0 ml.-') of the iodide space for the average patient.
From the information discussed in the same paper (1) the over-all mean value W/Vg0 = 3.25 kg./litre and also Vs0 = V3o/1.32 1(21) giving, for an average body-weight W of 70 kg., Vaoc 325 16,300 ml. (3) Putting this value in equations (1) and (2) enables the conversion to k, and k, of various published figures for clearance rates, as set out in Table I Gross 24-hour uptake
The total neck-tissue-plus-thyroid uptake at 24 hours (11, 12) has been a popular parameter at many centers, and optimistic claims have been made for its diagnostic accuracy, presumably because highly hyperthyroid individuals have been tested and compared with definitely normal cases.
To deduce information on k1 and k2 from the 24-hour uptake one must consider equation *(11) N = NV e-k#t + (1 -e-k#t) k1/k I (11) which gives the gross uptake provided no radioiodine has left the thyroid gland in organic form; in other words this equation really gives an upper limit for the gross uptake with given values of k. and k2. Then if X is the diagnostic boundary value for the 24-hour uptake, higher values being taken as hyperthyroid and lower values as euthyroid one can say that if the right hand side of equation I (11) is not greater than X, then the gross uptake N also cannot be greater than X so the case would be a normal one. This may be written as an inequality
On the other hand if the formula leads to a quantity greater than X one cannot be sure whether N is greater or less than X so the diagnosis is in doubt. Thus writing N0Vn ek%t + (1-e-kit) k1/k = X (5) leads to a value of k, for any given value of k5, because k = k1 + k2. Then if k, for any patient is less than this value the patient must be euthyroid. Still there will be a region of doubtful ki values just above this boundary. This explains one of the major disadvantages of the 24-hour parameter; another, less critical, difficulty is the uncertainty in the term NOVU/V unless it has been determined by experiment for the exact geometrical arrangement used for in vivo counting.
In an early paper Werner, Quimby, and Schmidt (12) set a boundary value of 35 per cent (X = 0.35) for the 24-hour uptake to distinguish between euthyroid and hyperthyroid cases. Jaffe and Ottoman ( 11 ) published a similar value, and this appears to have been adopted quite widely by other centers, at least in this country. Recently, however, Werner (13) has used a much higher borderline of 50 to 55 per cent, which is in better agreement with the value to be expected when calculated from the other parameters. The ranges of uptakes given by Fields and LeRoy (14) are also more consistent with the higher boundary.
Taking as an example Werner's limit of X = 0.55, and NoVn/V = 0.063 at t = 24 hours-an estimate made from comparative observations on an athyroid patient using a Geiger counter arranged in the manner described by these authors (12)-equation (5) becomes, with 4t = 566 minutes,
.063 e-S61k + (1 -e-5"k) k1/k = 0.55 (6) Pairs of k values can be found to satisfy (6), typical cases being included in Table III 
Urinary excretion
Methods for studying thyroid activity by means of the urinary excretion of radioiodine fall into (7) and, by plotting the observed results for the urine fraction E against the time t in this form on semilogarithmic paper, a straight line should result.
Actually since O does not vary very rapidly with t after the first hour the more precise relation I(7) also approximates to a straight line over limited periods of time, and moderate departures from linearity are easily masked by experimental errors in the individual determinations of E. A further masking of these departures can result from the oral rather than the intravenous administration of the test dose, causing "zero" time to be spread out over a period of some minutes. If equations I (7) and (7) are compared it is apparent that the effective average slope of the experimental curve between two times t, and t2 will be given approximately by k.ffOoti= k (2t -tlt) (8) Putting in values (1) Figure 1 .
Early uptake methods The remaining type of information to be considered covers those observations made of the thyroidal uptake within the first few hours after administering the radioiodine.
In (1) . (10) Kriss (21) for the net uptake in a few patients one hour after injection lead to a euthyroid/hyperthyroid borderline of k1 ranging from 2.5 to 2.8 x 10-minute-1; in his paper Kriss makes no mention of the application of any corrections for loss of radioiodine left behind in the injection syringe or for absorption and backscatter in the patient, so the accuracy of these figures is in doubt.
: ' 1 -02 Q0304 Finally, test results for the New York area are given in the paper by Berson, Yalow, Sorrentino, and Roswit (22) , nominally in the form of clearance rates calculated assuming a constant ratio of W/V,0 = 5.0 kg./litre; since full data are tabulated these rates are easily converted back to k, and k, values by using equation I(4), with the results given in Table V and Figure 2. CLINICAL RESULTS OBTAINED BY THE AUTHORS Using the methods previously described (1, 2), a number of hospital patients have been examined to relate their thyroidal status to the observed rate factor k1; the results are given in Table IV (10' ki) (11) with diagnostic values of Z = 3.72 for the hypothyroid/euthyroid borderline, and Z = 6.17 for the euthyroid/hyperthyroid boundary. This type of parameter was adopted because a plot of the mean experimental values showed an approximate linear correlation between the square root of the PBI and the logarithm of the observed k1. Figure 3 shows this relation, where each point plotted is the mean of about fifteen observations. Table V summarizes the numerical values found for k, and k2 for patients in various categories and Figure 4 shows these results in the form of a chart. The low values of the renal rate factor k2 included in Figure 4 arise mainly from the inclusion of cardiac cases. In some of the tests additional information has been obtained in the form of the percentage uptake of Il31 at 24 hours after injection, and, in a few cases only, the PBI313 "conversion ratio" at 72 hours as described by Silver However, the diagnostic borderline values of k, deduced from the 24-hour uptake method, or from the bulk urine method (see Table III and Figure  1 ), do depend on the value selected for k2; thus if a constant 24-hour uptake borderline is to be assumed, k, must increase if k2 increases, and there is another different relation between k1 and k2 if a constant urinary parameter is assumed. Figure  1 illustrates A value of k2 = 2.2 x ls minute-l has therefore been taken as the weighted mean rate to be used in the conversion of parameters.
Degree of agreement for boundary values of k1
On examination of Figure 4 it is evident that a horizontal borderline at k, = 3.9 X 1i0 minutecan be drawn to separate euthyroid and hyper- Figure  2 is based on only 5 low-uptakes cases, while the value of 0.23 x 10-8 minute-' from Figure 4 is the result of 39 cases. Accordingly, the values finally selected for diagnosis are those given in Table  VII , in which are included further limits suggested to distinguish cases of "very low" and "very high" thyroidal activity.
There is a good deal of experimental evidence supporting the value of k, = 3.85 x 10-r minute-' adopted for the euthyroid/hyperthyroid diagnostic borderline, and it is felt that this value should be substantially correct. For comparative purposes the corresponding limits for the clearance rate, the protein-bound iodine, and the 24-hour per cent uptake are also tabulated, but the latter values are not recommended for general application because of their dependence upon the renal rate factor k2 and upon the type of collimator used with in vivo counting equipment. The limits tabulated for the proteinbound iodine test are those that give the best overall diagnostic agreement for the 174 cases tabulated in Table IV .
Diagnostic results
When the limits in Table VII are applied to  the cases listed in Table IV and to a few others for which data have been accumulated from two or more independent tests, the percentage of apparently successful diagnostic results is 87 for the PBI determination, 94 for the k, test, and 88 for the 24-hour uptake tests when the latter is applied only to hypothyroid and euthyroid cases.
The few cases in which the PBIl31 "conversion ratio" was tried were also nearly all euthyroid and low-uptake patients; the apparent success of Both the protein-bound iodine determination and the measurement of the rate of uptake of I'll are seen to give reasonably satisfactory results; in addition the 24-hour per cent uptake of Ils is useful particularly for cases of low thyroidal activity where difficulty is experienced in making a complete collection of urine. As is well known, all of these tests can be spoilt by iodine or certain other types of medication, and great care is necessary to exclude this possibility. Finally, therapy with radioiodine may affect the subsequent tests in at least two ways: 1) There may be a residual amount of radioactivity in the thyroid gland, and this must be deducted from the observed amount taken up from the tracer dose; 2) in addition it may take a fairly long time for the stored protein-bound iodine to reach equilibrium at a new low-level value, even though the thyroidal uptake rate is lowered as the result of therapy.
SUMMARY
A series of 180 patients has been examined to determine their thyroidal status by the chemical protein-bound iodine and radioiodine methods, using the thyroidal uptake rate factor calculated from in vivo observations at 1, 4, or 24 hours after administration of the tracer dose. Good agreement has been found between the two methods in most cases.
The experimental results, and those of others using some other radioiodine methods, are used to derive suggested diagnostic borderline values of several parameters in common use.
